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£ 2,4,6-Trimethyl-Ph 4-Cyano methylene-Ph C ol ¥
N 2,6-Dimethyl-4-Cyano-Ph 4-Cyano-Ph C #I£4
4 2,6-Dimethyl-4-Cyano-Ph 4-Nitro-Ph C o/ f
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V0 2,6-Dimethyl-4-Cyano-Ph 4-Chloro-Ph C 820
Vst 2,6-Dimethyl-4-Cyano-Ph 4-Fluoro-Ph C O/
VY 2,6-Dimethyl-4-Cyano-Ph 4-Methyl -Ph C FIvE
VA 2,6-Dimethyl-4-Cyano-Ph 4-Methoxy-Ph C £l f
yqY 2,6-Dimethyl-4-Cyano-Ph 4-Nitro-Ph C a/xa
Y- 2,4,6-Trimethyl-Ph 4-Cyano-Ph C YD
A 2,4,6-Trimethyl-Ph 4-Bromo-Ph C FINO
Yy 2,4,6-Trimethyl-Ph 4-Chloro-Ph C £IVY
Yy 2,4,6-Trimethyl-Ph 4-Fluoro-Ph C AN
¥t 2,4,6-Trimethyl-Ph 4-Methyl-Ph C FIVY
Yo 2,4,6-Trimethyl-Ph 4-Methoxy-Ph C £100
\td 2,4,6-Trimethyl-Ph 4-Nitro-Ph C FNF
YY 2,6-Dimethyl-4-Bromo-Ph 4-Cyano-Ph C #ITN
YA 2,4,6-Trifluoro-Ph 4-Cyano-Ph C QIVY

vay 3,5-Dimethyl-Ph 4-Cyano-Ph C IS
Y. 2,6-Dimethyl-Ph 4-Cyano-Ph N O/AQ
Al 2,6-Dichloro-Ph 4-Cyano-Ph N AR
vyv 2,4,6-Trimethyl-Ph 4-Cyano-Ph N YIY.
Y 2,4,6-Trimethyl-Ph 4-Nitro-Ph N £IVY
ve 2,4,6-Trimethyl-Ph 4-Chloro-Ph N YIY -
Yo 2,4,6-Trimethyl-Ph 4-Methyl-Ph N AW
vot 2,4,6-Trimethyl-Ph 4-Methoxy-Ph N FIV-
YV 2,6-Dimethyl-4-Bromo-Ph 4-Cyano-Ph N £I15f
YA 2,6-Dimethyl-4-Cyano-Ph 4-Cyano-Ph N AN
v 2,6-Dimethyl-4-Chloro-Ph 4-Cyano-Ph N #If-
f. 2,4,6-Trichloro-Ph 4-Cyano-Ph N FIYY
£\ 2,4,6-Tribromo-Ph 4-Cyano-Ph N £lOY
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\as 2,4,6-Trimethyl-Ph PPR-CH,-Ph N i
A 2,4,6-Trimethyl-Ph PPR-CH;-4-SO,Me-Ph N A-Q
£ 2,4,6-Trimethyl-Ph PPR-CH,-4-SO,NH,-Ph N Yoy
- 2,4,6-Trimethyl-Ph PPR-CH;-4-COOMe-Ph N YIAY
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PROPERTY VALUE

Name N7
D 7827
Color I 142 142255
Parent DJZs62
XyZ 50.4310 632040 13.7160
Element Nitrogen

i Sp2
PartialCharge -0.181
FormalCharge
Chirality
Isotropic Displacement 5339

Clase
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€13

[

7816

Color

D 144 144 144

Parent

656561

XYE

11.5260 14.1680 16.1080

Element

Carbon

Hybridization

Sp2

PartialCharge

0.205

FormalCharge

Chirality

Isotropic Displacement
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74 Grid Options

File Center View Help

Current Total Grid Pts per map: 226981
number of points in x-dimension:

[IT1160 [T
number of points in y-dimension:

L1160 [T
number of points in z-dimension:

11160 [T

Spacing (angstrom): T 0-375 T7TTH ]
Center Grid Box: <offset>

x center: [11.528
y center: [14.168 [T

53 e 5w Sel iy aSed Slatie s (10-F ) IS

H

BMQB (31,5 s 5 kit b (g 0 Sl S5 i ys) ol s VAF ) Jyor

(ids) | o] e Slaggalesiss slass b glaades slas (keal/moby last 5,1 (Sike  RMSD (A) L Sl
229) Lzl O%) . . . e . e
Jol als3 )0 39250 Dgale oS Siz S5 i ys5!
V¥ YA " -V /Ea - /%% Voo
A4 Yo y B N4 V-
VEY of VY SV IYE - 10 Yoo

BMEC 1,53l 5 aali b 5531 sl Sglise S5 w050 slal! qulis O8-F ) Jgor

o - Lo yeasS olows L glbades oloxs e L e |y slaws
@3l gl C 0T 9 e keal/mobh sl 55,51 o:Siks RMSD (A) e
Jsl a3 ;5 59290 SgenlegisS S5 o8]
Y \al e -\ /e¥ <17y Voo
[\ \WY [ -V1/AY /4 Vo
VFY VoF VY -V V/AY ey Yo

Ve



dbgiyo S eiSg yo Aslllas 590 slo LIS SSTs
abgrre tigp b LulE] Jsse uSTs Sllas do gy 9 LA (o5le oolel 5l am
SleMbl 4 4255 b (JoSg0 (lrosisS carogs g ol plowl o Liel g 5l ol g Ll 20 5
JsSge SiSTs 5 ols slooasS Chrogs aalsl o ay0,5 zl il oS- WK Jlail oy g
s &l bl 5l Lol bl s QSAR sla o daonicS Giogs gy Ul 5l e g (B yno
asdllae 3,90 SB35l oole] -
o)l G 2l (5l dinge g oy (T-1)- i Bllas dalllae 0,90 SLS 5 5L
30 9 Bl 0,33 PAD Wgew L g oailg=1,8 ViewerLite5.0 1580 o 5 4 MOI* o yd b ool age
a8 1,8 solarl 5,50 AUtOdoCck4.2 158l 6 5 sla (505,9 (lsreds Colyd
oS 9 LA JsSdse SiSls clibes gl -
V-FF Gl ol BMEC (559 ,) iy p g adllae )90 slaaslEd (gjle oolal 51 mo
Sle>1,3 Autodock4.2 158l o 5y psign (FO-FA R sl BMBQ iigy o Ve-VY
Lol oled s 8,5 bl g 6l QYY) ise @lhe jiiwn gjle ool 5 o
Gl aslol jo .aios Sle=>1,8 Autodock4.2 (138l o 5 o Jblie pfign 4 azgi b alflas jgba
93l GBSl g i35 Jlosl (559 0 5395 2 450t 5 b oGl Slatsie (Y-YYLY) i
e Ll 5o (S LY S0 o680l sl g STy slaas, 57 eled el 5 S LeY S5
ST lyzl aladl 5l ey i ST abogy e (peiay 45 LR i Lie] al> e 5l Jol>
Jolo et )| UMbl b loasisS Ghrogs Sales 59 5 0,050 g s b 25 5 s (5o
gyl Jlail (551 (p oS g (g0 y90 (i b §p (sabgs 0 (g p- il S o

Sk 36T g

VoV



SF9ge Sl Lol slroussS amogi ] Pl -
GBS )0 Holite (l a4y ally oo ool hrogs drwlre silaoe Sl (o S 5l S
W50 56T JgSge ST 5l oolinul b abgyye (ratig s 5 WouisS e o sloiiSon ol
zlyzl Notpad++ 1581 o 5 5l oolal b (V2O-Y) idu [0 oals S5 (goae 00iiS caogs Vo g
Glp s 5y p- Bl S )l (gawte Sledbl gyl> 4 00ilS ooy V¢ pl 0 S
QSAR Jaw cole sy Jowe b o flaicdy g 00,5 ! Ziul dalllas 0,90 WIS VY plos
Qoo eslawl
P50 SSls GroassS cinogi (5 Sy Bl YYLYY
Sleasl S Jow csle jo 4, |5 4 sleosS oy slass ax> 0 QSAR ollas o
s STy 3l oads zluinl 0uisS Canogs Vo cadllas ! 0 1A 0gd co alwlS Jaw (Sauos
§ A, L s el Glyict (PECE) o collad 2 S i 5 00 chrogs lyiey
S o ¥l 5o 5 Jae (FUF) iy illao WsoiiS st (57 g0 Al 51
od ools yLas (Yo%) Jgam o Loyl €95 5 pb a5 wial bl oasS Carosi (5 g (g
S99 pas Jol> gl s oo lis 1) odisS oyl (o (Kwaad o ile (YV-F ) Jgo .ol

calei o anl 1) oassS Chogs cnl G jloline (Kinien

SR is, b JsSIse KT 5l oads Sl slaosisS cinogs (Y+-F ) Jor

No Symbol Meaning
) VE (vdW + Hbond + desolv) Energy
Y pKi -Log( Estimated Inhibition Constant, Ki)
SR L)"ﬁ) lJ Ls]}ﬂj.o &Jlo )‘ AW ul?b.:‘ (_ngoA.HS M?J M Uw.:).\l.o (Y\'f ) J5A>
VE pKi
VE \
pKi —+/#9 \

VoY



VIF) b )ly pye8 Jole CunS ot oodisS Chrog (o adpd ow)p jskaie a4

0al 03,5 (VY- ) Jsoz,0 o] gl a5 o dsloee (VF-Y ) alaly b Gollas 00isS oy 1o 5l
30,5 oo Ol oaisS Capogi (ym jo e 0929 pac N e 5l S VIF polie 4 axe5 Lol

SR 5, b (J5Sge SiSTs 3l oty Gl (sloodisS ciogi wil )y pyg5 Jole polie (YY-F) Jgor
ALS Loy VE pK;
VIF /8 /5

Fyan (guas &l Joo YV VY

S Geen ol o s hd n la Sy s el (Suiglse Glaonsy aSinl 4
699,9 SodisS o [ (S abal) L85 Gl (bt e by, Olpieds oghas (oras 40D
@Aalllas ol jo oals 2l asiil ol ool dalllas 550 o LS 5 (ECs) gyl codled o

Al oo HLAE Gy 02, L 5 iy 4SS
peas 5 SISl gl isel @l 93 4 4zl b a4 ¥ e cSle johate o
olai jsbas baosls acgorme b >k aSgeSam 1 ) 5 AgeSinn il5L JUEST &6 99 9 (S5
ol (S 5 1 2) (53031 (6 m0 5 (S 5V ) (2b5) (6 pm0 S 5 OF) jgal (6w i 4o 4y
4 e anug Jsb 5o o)) s b eolatul a3l gy 5l Joe gaiailys g sln o
i Sep pAe & B ol esliil w5l s el A1 50 4SS Al G Sl 6T sl polas
oS ol 51 S 2y [Ve e Joo 3 digne oSt (jeal o)) s slls (aaliél 5 (251
Objer Sigo Y BB LOLY 5l Lojgel g0 olawi g Ve BY 50,5 olaws (¥ (68g,9 olowi b Jow
Sibe e 5l Jol> @l el (bl 6 MSE (65le dieS” (g5l ainge S 0 i
aSh Jae w0ads aitle laJoe w5l ol (g5l ge (YY-F ) Jsoz 10 ool (b slaasls
iael @l higel 90 B¢ Sle w¥ 45 6,8 Ve Jol Y ;0 saiiS Chog ¥ oolawi b cac

el MSE e J8las (gl coisaSns o, Jizil b g SlsS Lo S i)

\-f



550 SIS 00l Ll slronisS hrogi b oads aigy laaSld slayuel )l 5 alss (VV-F) Joaor

590 dlaey

oALS hpogi dlass isel &b Jlsl &b 0,5 olaws i MSE
el

v S e KON VPPN Y I3 /€9

v S o -5 59! AbgaSmrpiy IS s o N T

Y S el AgaSmm il Y s ¥4

v SlgS jle =5 i) e il Bl Q %3 XY

EFan gmas aSD Jdo gl FYVF
S5 el eyl b il oS alnl, Slallhs o e Ceanl 5 jLiel )y

P&l gl ssee slp Siducols, la g5 ) o ol Sllg @ anwly Jow dwoien

M; )lsdu )J) LSLQL)"B) o d.jb‘ JJA QS’L’))‘ 6‘)., tﬁM U"‘ B olaciislas O¢>g u"")ﬁ‘J &

) s S osliinl b Joo (b5 -
b e Jlre b 00ls (B5el ((Bigel (S oS 5 O b (prae aSid slate ool @
IR oo)ﬂ (Y¥-F) Jgaz jo Jol> mli el (coS 5 V) b)) s MSE (yog JBlos casiiis
Sl oals ools (Las (VE-F ) S jo gy codlad ol j0 00l cioian Codlad 5l coew 5 ]

by G slrosls jleslainl b egian guas aSil Jow b5l Jols mls (YE-F) Jgoo

pECso
oS 5 oleds S oolld 00l (S Cullad [P
Y IS ldid \YIYY
\ fIvy f/ay AfAEA
14 AR DINY INAY4
Y4 AR NN a/AY
\a1 710Y #17¥ \/IAY
Y YIY ZIVY -\Y/va
\a 7I0Y #IFY VoY
g v/ ¥ YiFd N4
7\ YIYY FIAN AR
7f Y0 1Ay -\/A¥

ARIA



R2=./4 Y
7.5

[e)]
n

()]

o

4.5

4 45 5 55 6 65 7 75 8
ol Culled

b)) 6 slrools sl ooy Cellad Llie psond st iy Sellid Bl i Jlogas (VE-F ) S
09931 G 3l 00liil b Jow 25, -
5 ORisel Jolre 5l plaS e )0 a5 (yge3T (S Ve Cudlad (o b e o)
Jow leslaiul b oloS 5 cpl codlad cjalaie oy ol plol 50 aslailas o8 8 ass oL )
Cudled Ol o Jlogas (VV-T) S el oow!l (YO-¥) Jooz ;0 Jol> ml ol conyian ainge
Cewdty (R) a8 )0 a2 g0 i 1) 9031 (6 3m0 (9225 Collid o 0 oy
Cailgs 10 gy ol gl ol

09051 (6 ool ool b egran gras eSS Jow bl 5l ol mls (YO-F) Jgu

PECso
oS 5 oleds S oolld 00l (S ey Cedla s oo jo
A\ #1064 ZIY - -0/AY
V'Y AR ZIN S \VYIYY
\# NI O/fY -\/¥0
Y¥ #IVY FINY /%
\Nd ZIV - #Iva VIV
fo #17\ £1AA bIg -
fv Y/f¥ 719+ ALl
OA Y/ Y/va /65
7Y YIYA Y/ B\lidd
ZA 7108 ldldd \V/OY

V5



R2=./s

5 5.5 6 6.5 7 7.5 8

QsA)"‘ Sy slrosls sly oy cldld Jilde joouds oo Codled Ol Jloges (VWY-F ) S0

Cewddy (R?) (nd gy ke 4z ST ond plnil sla o)) 5 (s3le Joo @l & 4z L
S Sl osel Cewsay R Lol el [VP] (R®> +17) 93 LB Jlade sl (o)) 5 512 o0l
(smas aSeh (sl Joe a8 285 A Gl se (ol pl el 9B BB jlade I 5SS (903
el 18,95 1 Sl St Core | coie STy GleeassS carogi b e gian

Sloog)S (h)led laodisS hrogi (Soras (sras aSD hat juf Jae S5 jolate 4
03958l JeSUge STy slronisS aogi 4 g dewlxe DRAGON I531 o 5 5l oolanwl b Lele
L tole olbewd b Sh 3l 6w ole Gutele slooaisS oy aS pl 4 a9 L aial
Ak o 290l Sedld L boarsS oy bLI | 05, 0 Ll sl
Sl 9 (JoUg0 SeS s slronisS hrogi ggama 3l ooliiwl by (g5le Jow T_YF

SoSTs loonisS hogy alwg 4 a8l drwgl Lgian mac ASD Jow g sbiwl, o
DRAGON 1531 o 5 5l oolitul L _Lole 05,5 b Lo (loodiiS iogs «(o0isS cinorgs ) +) JsSga
by 3 olail b e 50l 00938l JoSge SiSTy (slaoaisS Carogi dcgerme 4 g Al
ras aSh (63953 lreds g Sl laoaisS o (np g o8 4 plS (g S5 e Sl
5y SiSS g (a3l s byl Sl eslitul b Jae ot @l (e diad colinl estas

A )y laools A goxo uwywd‘f&’&»dhbf

VoV



ole (sloog,F b jlad (sloodiS cimogs ) F_Y_F

Sl SRy JS wlgh (39 jds BB g (Solu (ue )3 &5 (lrodiS Chrogi Al
sl dzg B s il dslone B 5], ) ogdle a5 aimd olis |y oy 3,50 LS 5
VO canllas 050 oS 5 VY Lo le (g5le aign 9 o) 5l oo (VYY) idu illao cardllas oyl 5o
il b dls DRAGON 581 o5 (saliy 4 lole (sloog,S i losd 54k 5| odiiS cings
Cirogs (ol Ngd oo Fide Jsge (plierd Jgo,8 5l g s (JoSdse (o jpe 5l i 095
Sloogas | Lale o 5 Lol g5 5 olaws 45 atbgyme 5 (s 5l slaodisS Chnog 4 laosssS
w03lw) gy olowi deaisn £9 4 b o (odiS oyl ol (yiorad 0iS o (ptd | o]
bis slaail) o] slaws] olasi ol ladils IS olass 5 (Sailag,] il il Sy
(o CoN, O H, F) pls oliasd pie o5y olass g ols Lol (glaos,S ol (o 5 by
S ypa pas g e & baye (gdas polie Cusl (Ses 09,8 (nl jo s o0 5 JsSge o
Slasi (bl 2 55 leodisS hrogi (B p S9dse 0dld (Lad 5 ) polie b ol 5 4 a5 WSk (S

i oo polaiBl ogx ) (hled (g3ue polie g Wigd oo dalons dbgipe (Shg

9 (5850 SiSTs (slaoatiS hrogs pgae il laoosiShrogs (1 5 ¥ge Ll YFV_¥
s>l

] QSAR sla s dxrsi 55 dline o s b oLl (FY) iy 0 Y3 a5 phaile
b el il 15 850 gyl edlad b (50l o B3| (15 45 sl olooniiS cirrgs
o3lail ymals” gl Gumghs pl yo ol LralS 1) oaisS Carogi slas we>ge sla g, 3l eolaiwl b
2L 5 SPSS 1531 a5 5l soliul L (F¥) i lae LoonisS chnogs o 5 g dlmosls il
Bad Sl 00 ogi Voolaal 4 0aliS Caogi VPF (g5, » SR) 8 4 o5 (90m )5, (9,

Sl 0ol oals lid (YF-F ) Jga o Lcodl €9 9 plaS

VoA



SR U“’B) L: ‘5]5&]940 M/ lo 9 6)L..>L~.: 61.2 IXSeLY Ms; é?,o.m )l 03 ul?b..:‘ 6[.00‘}..».5 s_a.,.,oy (Y?'f ) J5J>

No Symbol Meaning Class
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Abstract

Molecular docking was used to construct QSAR models for the prediction of the
biological activities of three groups of medicinal compounds, and the molecular
descriptors were extracted from the enzyme-ligand interactions using Autodock4.2
software. Since that the molecular docking descriptors do not represent the structural
properties of ligands alone and also there is no strong relationship between molecular
docking and biological activity, using structural descriptors (calculated by DRAGON
software) in addition to docking descriptors is essential. In the first part, the study of the
structure-activity of 43 quinazoline derivatives as cancer inhibitors was studied. 10
molecular docking descriptors were extracted for all compounds. The data set was divided
into two training (35 compounds) and test (8 compounds) sets. The stepwise regression
(SR) as the variable selection method was applied to the train set data. The artificial neural
network (ANN) model was developed with two selected descriptors. The low
determination coefficient (R?) and high mean square error (MSE) obtained for the test set
(0.52 and 0.66 respectively) indicate the inappropriate predictability of the ANN model.
In order to improve the results of the ANN model, radial distribution function (RDF)
structural descriptors were added to the molecular docking descriptors. RDF descriptors
represent the difference of the distribution of atoms in the molecule and the effect of this
distribution on the inhibitory activity of the compounds. SR method was implemented on
160 descriptors (150 RDF and 10 molecular docking descriptors) and 8 effective
descriptors were selected and used as the inputs of the ANN model. The high R? and low
MSE of the test set (0.90 and 0.15, respectively) prove the predictability and
generalizability of the developed ANN model with a mixture of molecular-structure
docking descriptors. In the second part, the structure-activity of 73 inhibitors of AIDS
that are analog structure of Diarylpirimidine (DAPY like) was studied. After extracting
the molecular docking descriptors, the data set was divided into three training (53
compounds), validation (10 compounds) and test (10 compounds) sets. Two SR selected
descriptors were introduced to the ANN model and all parameters of the ANN were
optimized. R?> and MSE parameters of the test set were obtained 0.50 and 0.24,
respectively. In order to improve the ANN model, the functional group counts structural

descriptors were calculated for HIV inhibitors. SR method was applied on 164 descriptors
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(154 functional group counts and 10 molecular docking descriptors), and the ANN model
was developed using 7 selected descriptors. The biological activities of the test set data
were predicted in the optimum ANN model. R? and MSE of the test set were obtained
0.89 and 0.16 respectively that showed the improvement of the results of the ANN model
with a mixture of molecular-structure docking descriptors. In the third section, a
quantitative structure- activity relationship of the azine derivative as HIV inhibitors, was
investigated. For this purpose, 10 molecular docking descriptors were obtained using the
docking of the studied compounds in the active site of the protein. The data set was
divided into three training (53 compounds), validation (10 compounds), and test (10
compounds) sets. Among the 10 molecular docking descriptors, 2 descriptors were
selected as the most effective descriptors using SR method on the train set data. The ANN
model was optimized using docking derived descriptors. The biological activity values of
the test set compounds were predicted using the optimum ANN model. R? and MSE
parameters of the test set were obtained 0.79 and 0.23 respectively. Then, for the purpose
of improving the ANN model, 16 drug like indexes were calculated for the studied
compounds and added to 10 molecular docking descriptors. SR was employed to select
the most effective descriptors on the train set data. 4 important descriptors selected from
the total molecular docking and drug like indexes and they were used as ANN model
inputs. The biological activities of the test set data were predicted using the optimum
ANN model. R? and MSE parameters of the test set are obtained and equal to 0.86 and
0.11 respectively. Therefore, using molecular docking descriptors and drug like indexes

simultaneously, improved the efficiency of the ANN model.

Keywords: QSAR, Anti cancer, Anti HIV, molecular docking, stepwise regression,

artificial neural network
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